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PREFACE

Standard Reference Materials (SRM’s) as defined by the National Bureau of Standards are
“well-characterized mate- rials, produced in quantity, that calibrate a measurement system to
assure compatibility of measurement in the nation.” SRM’s are widely used as primary
standards in many diverse fields in science, industry, and technology, both within the United
States and throughout the world. In many industries traceability of their quality control process
to the national measurement system is carried out through the mechanism and use of SRM’S.
For many of the nation’s scientists and tech- nologists it is therefore of more than passing
interest to know the details of the measurements made at NBS in arriving at the certified
values of the SRM’s produced. An NBS series of papers, of which this publication is a
member, called theNBS Special Publication2 260 Seriesis reserved for this purpose.

This 260 Series is dedicated to the dissemination of information on all phases of the
preparation, measurement, and certification of NBS-SRM’s. In general, much more detail will
be found in these papers than is generally allowed, or desirable, in scientific journal articles.
This enables the user to assess the validity and accuracy of the measurement processes
employed, to judge the statistical analysis, and to learn details of techniques and methods
utilized for work entailing the greatest care and accuracy. It is also hoped that these papers will
provide sufficient additional information not found on the certificate so that new applications
in diverse fields not foreseen at the time the SRM was originally issued will be sought and
found.
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Inquiries concerning the technical content of this paper should be directed to the author(s).
Other questions concerned with the availability, delivery,price, and so forth will receive prompt
attention from:

Office of Standard Reference Materials
National Bureau of Standards
Washington, D. C. 20234

J. Paul Cali, Chief
Office of Standard Reference Materials
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PREPARATION AND EVALUATION OF SRMIS 481 AND 482
GOLD-SILVER AND GOLD-COPPER ALLOYS FOR MICROANALYSIS

Kurt F. J. Heinrich, Robert L. Myklebust
and Stanley D. Rasberry

Analytical Chemistry Division

and

Robert E. Michaeli

Office of Standard Reference Materials

Institute for Materials Research
National Bureau of Standards

Washington, D. C. 20234

The reasoning behind the choice of the systems Au-Ag and Au-Cu for SRM’S. and their
suggested uses are described., We also report on the preparations of the materials, their chem-
ical analysis, the tests performed to ascertain macroscopic and microscopic homogeneity, and
on relative x-ray intensity measurements at various x-ray lines and voltages., A descrip-tion of
the instrumentation (matrix scanner), techniques, and programs employed in the homogeneity
studies, as well as tables and graphs of the x-ray intensity measurements, are appended.

Key words: Alloys; corrections; electron probe; homogeneity; matrix scanner; microanalysis;
quantitative analysis; standard reference materials; x-ray emission.
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1. INTRODUCTION

A. Requirements for Standard Reference Materials

Although the foundations for a theoretical method of calculating correction factors for
quantitative electron probe microanalysis were established in 1949 [1]1, tests of this method,
performed a few years ago on specimens of known composition, raised considerable question
concerning capabilities of the electron probe microanalyzer as a quantitative tool [2-4]. It be-
came quite evident that various practical techniques proposed for calculating the corrections
[5-10] were in considerable disagreement and that in many cases all proposed procedures failed
to properly correct the exp-. mental data obtained by experienced investigators. The re- sulting
analytical errors frequently exceeded 10|jpercnt| relative A detailed analysis of these tests [3]
suggested that the following potential sources of error may be responsible for
these failures:

1. Some of the test specimens of presumably well knc- composition may have been poorly
characterized on a macroscopic scale or be microscopically inhomogeneous.

2. Although the fundamentals of the generation of x rays by electron excitation are well
known, there are uncertain in parameters and constants2 such as the x-ray absorption coeffi-
cients2 which adversely affect the accuracy of the method. The resulting uncertainties may be
particularly large if the instrument conditions have been chosen injudiciously [3, 11-14].

3. Lack of adequate computational facilities has frequently prompted the investigator to use
simplified calculation procedures which may also introduce error.

Figures in brackets indicate references beginning on p. 38
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In order to improve the accuracy of the correction pro- cedures for electron probe micro-
analysis, it is thus necessary to obtain carefully prepared, microscopically homogeneous, and
chemically analyzed standard materials. The measurement under carefully controlled conditions
of x-ray emission intensities from these standards, including all necessary correction calcula-
tions [15], will permit an empirical adjustment within the precision of the measurement of
those factors which are affected presently by uncertainty. Once these factors have been estab-
lished, the standard reference materials will enable the analyst to test the accuracy of his mea-
surement technique by comparing the relative x-ray intensities he obtains from such materials
with those obtained by other operators under carefully defined operating conditions.

The Standard Reference Materials SRM 481 and 482 were selected, prepared, and tested
in such a manner as to satisfy2 the requirements indicated in Part 2 of this report SRM 481
consists of a series of gold-silver alloys, and SRM 482 a series of gold-copper alloys, both in
nominal steps of 20 weight percent and including the pure metals. We will describe the rea-
sons for choosing these particular alloys, their preparation and their characterization, and we
will report the results of some x-ray measurements performed on them
(See Appendix 1).

B. Choice of Systems

SRM’s 481 and 482 contain the elements of atomic numbers 29, 47, and 79, and therefore
represent a good cross-section through the range of higher atomic numbers. For copper,

2 An additional material of this type, SRM 480, which has a nominal composition of W80-
Mo20 has been issued. It is described in NBS publication 260-16.
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Table 2. Au–Ag Alloys SRM 481
Big–beam determinations of concentrations and standard deviations

on homogeneity test slices

Slicea Au20–Ag80 Au40–Ag60 Au60–Ag40 Au80–Ag20

Ag Au Ag Au Ag Au Ag Au

1 Cb 0.7829 0.2228 0.5992 0.4019 0.4000 0.5972 0.2006 0.8007

s.d. .0042 .0057 .0015 .0004 .0026 .0058 .0001 .0018

2 C .7726 .2249 .6010 .3972 .3972 .6037 .1991 .7966

s.d. .0033 .0032 .0025 .0001 .0009 .0020 .0009 .0018

3 C .7725 .2239 .5985 .4027 .3968 .6045 – – – –

s.d. .0009 .0004 .0045 .0013 .0006 .0040 – – – –

4 C .7750 .2267 .5988 .3979 .3999 .6016 .1991 .8042

s.d. .0011 .0028 .0001 .0031 .0074 .0012 .0016 .0028

5 C .7761 .2272 .5990 .4018 .4019 .5957 – – – –

s.d. .0040 .0023 .0019 .0015 .0004 .0011 – – – –

aHomogeneity test slices are transverse sections selected at widely separated longitudinal test locations. The number scheme for
locations along the wire is: 12 top; 2 through 42 intermediate; 52 bottom.

b Standard deviations estimated by the range method. See reference 19.
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Table 3. Au–Cu Alloys SRM 482
Big–beam determinations of concentrations and standard deviations

on homogeneity test slices

Slicea Au20–Cu80 Au40–Cu60 Au60–Cu40 Au80–Cu20

Cu Au Cu Au Cu Au Cu Au

1 Cb 0.7978 0.1998 0.5972 0.3988 0.3971 0.6056 0.1977 0.7987

s.d. .0018 .0008 .0013 .0010 .0005 .0013 .0002 .0013

2 C .7999 .2022 .5995 .4016 .3959 .6025 .1982 .8027

s.d. .0018 .0005 .0017 .0015 .0010 .0014 .0003 .0004

3 C .7979 .2018 .6010 .4027 .3961 .6028 .1989 .8031

s.d. .0005 .0011 .0013 .0012 .0010 .0017 .0003 .0008

aHomogeneity test slices are transverse sections selected at widely separated longitudinal test locations. The number scheme for
locations along the wire is: 12 top; 22 intermediate; 32 bottom.

b Standard deviations estimated by the range method. See reference 19.



Figure 5. Experimental results on SRM 481 (Au-Ag) for AuLa1. Bars in Figures 5 through 13
indicate61 sa flanges. Points without bars represent single determinations. The numerical
values of the data presented in these figures are listed in Tables 9-16.
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Figure 22. Correlation graph for the case given in Figure 17. Deviations from the mean Ag
concentration are plotted on the ordinate while the deviations from the mean Au
concentration are plotted on the abscissa. Deviations for neither element exceed
0.004, indicating good homogeneity.
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